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CHAPTER 9 





Main Transverse Bulkheads 


Introduction 


1 Main transverse bulkheads are fitted in ships to fulfil a number of functions. Under normal 
operation these bulkheads serve to maintain the form of the hull, resisting lateral loads due to sea 
pressure, berthing and docking, as well as resisting shear and torsional deflections of the hull. At 
the same time they divide the ship into main compartments which are frequently devoted to 
different functions, protecting, for example, spaces for electronic equipment from spaces 
containing heavy machinery. Another important function of bulkheads is to support large in-plane 
loads due to heavy equipment or weapon recoil, or at the ends of superstructures as described in 
Chapter 8. Additionally, under damaged conditions, the function of main bulkheads is to restrict 
the extent of fire, flooding or blast. 


2 Although the maintenance of form is an important function, it will only rarely affect the 
scantlings of a bulkhead, and so this chapter will concentrate on methods for designing bulkheads 
to withstand lateral pressure and in-plane loads. 


3 Methods for estimation of in-plane loads due to equipment and weapons are given in 
Chapter 4 and at superstructure ends in Chapter 8. Lateral loads due to flooding damage should be 
derived from the hydrostatic pressure from an envelope of most probable damaged waterline. 
Design pressures for the forwardmost bulkhead (the ‘collision bulkhead’) must also be high 
enough to encompass the hydrodynamic loads imposed by the forward speed of the ship. Whilst it 
is seldom feasible to design against pressures associated with full speed of a frigate or destroyer, it 
will normally be possible to allow for a forward speed of 12 to 15 knots without undue weight 
penalty. It will be sufficient in this case to use the stagnation pressure appropriate to the required 


Speed as a static design pressure. 


4 Parts of main transverse bulkheads may also constitute tank boundaries and as such they 
will be subject to constant hydrostatic pressure. The design load in these cases can be deduced 
from the head appropriate to the height of the tank vent, with margins for error as discussed below. 


s) Generally, plated structures are most efficient when stiffened in the shortest direction and 
bulkheads are no exception. This almost invariably means that bulkheads will be stiffened 
vertically, as even when there are no intermediate decks the beam is usually greater than the 
depth. Locally, however, for resistance to explosive loading, stiffeners may run in other directions 
and this variation is discussed later (paragraph 42 et seq). For the principal loads the design 
methods proposed in this chapter will assume unidirectional vertical stiffening; should orthogo- 
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2 esign pee be determined from an envelope of the likely damaged waterline; 
: : = testo aged water head then the bulkhead should be assumed flooded up to 
yer deck. Alternatively, if the accident condition involves ignition of a missile motor ina 
, the re resultant pressure will depend on the rate of burn, the volume of the compartment 
e ee istenct °¢ fany blow-off plates’ (plates that blow out of the structure as a given pressure 
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f evel it is very unlikely that any local tearing will occur unless there are 
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n (1956, 1960) showed that for practical structures 


esters th is ; reached at approximately half the ideal material strain to failure, and using 
heory it can be shown that this relates to a deflection value of about b/7 for mild steel 


to ) failure of 17%. Consequently, the value of b/75 suggested above allows a 
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ection curves for long plates (strictly at an aspect ratio of 3, 
— ee cassie plates is not significant) which are reproduced on data 
8. These allow the normalised pressure and allowable deflection to be used to 
> value of plate slenderness ratio and hence thickness if b is known. For 
s, Curves are available in the references for specific types of steel but these are 
out of date ; and relate to steels not NOW recommended. It is unlikely that aspect ratios of 
van 3 wall lap ply f for bulkheads, but in that event the use of the data sheets in Chapter 18 
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To allow for uncertainties a load factor of 1.5 between the applied bending moment and 
las ic hinge moment (modified if necessary for shear) is recommended. At the same time the 
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Bulkheads are very stiff in-plane, particularly in the stiffened direction, but large 
entrated loads, for example due to docking or weapon recoil, may necessitate additional 
ling ove! a local area. Diffusion of concentrated loads into structure is a difficult 
pmenon to analyse and so any design method will require sweeping assumptions. The 
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cedure given below therefore will lead to a reasonable first attempt at scantlings, but the result 
ist al ways be checked using more sophisticated analysis (usually a finite element method) if the 
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A means of estimating loads due to docking is given in Chapter 4, but all the docking load 
| § not transmitted into the bulkheads, and indeed to assume it to be so would be unduly 
cor servative. 1 he proportion of docking load taken by bulkheads rather than throu gh the side 
ames i nto the shell depends on the stiffness of the keel and bottom structure 1n relation to the 


lock block stiffness. Measurements taken by the Naval Construction Research Establishment 


0 v the Defence Research Agency, Dunfermline) in the 1950s suggest that about one third of Pai 
eee ‘ne with li ture, reducing to a fifth or less for 
oad is taken by bulkheads on small ships with light bottom struc g 


: arge double bottomed ships. It is, therefore, reasonable to use the method of Chapter 4 to aN 
a Meediper unit Je: h bulkhead and then to spread it over one third of the bulkhea 
. ti for «i ae atl ‘ d one fifth for double bottomed hulls. The only exception to 
| a pacing for single bottomed hulls and on 5 fake lculeeattont 
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load, as derived from the methods of Chapter 4, 
3 r inertial loads due to ship motion 





heavy items of equipment suc 





aded in bending, will inevitably take the majority of the load. If, v jesign philosophy should 
the ship ‘side, some load will be carried into the side and the sam 
de applied to the local scantlings as to the bulkhead. 
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32 In designing the bulkhead, large stiffeners will need to be placed at each Point 
application of the load, for example above the keel or below the main fixing points of equipment, 
The purpose of these stiffeners is to carry the whole load at the point of application and : 7 
distribute it progressively into the plating, as the same time as taking bending moments dye to a 
inevitable eccentricity of the load in relation to the neutral axis of the combination of Stiffeney te 
plate. The stiffener will always carry stress greater than or equal to that in the plate due to ka 
lag effects and initial distortions, so that the main part of the procedure involves Sizing ie: 


stiffener. 


33 The following method is derived from BS5400 Part 3, the “Code of Practice for Design of 
Steel Bridges’, where it is assumed that a bulkhead is similar to a box girder bridge diaphragm, 
However, the method here is modified and simplified to take account of the unidirectional 
arrangement of stiffeners and of the different means of reacting concentrated loads ona bulkhead. 


34 The stiffener and its associated plating are initially sized using the direct and bending 
Stresses applied. First calculate the direct stress immediately under the load, taking the actual Joaq 
specified in Chapter 4 over an area consisting of the stiffener and a breadth of plate equal to the 
width of the item which is applying the load, for example the breadth of the flat keel for dock 
block loading. If the width of the load applicator is not known, use a width equal to that of the 
stiffener flange. On top of the direct stress a compressive bending stress must be added which has 
two components, the first is the effect of any eccentricity between the line of the applied load and 
the neutral axis of the stiffener plate combination and the second is the applied moment (if any) 
due to the position of the centre of gravity of the item relative to its mounting points. It is 
recommended that stiffener be then chosen so that the total stress derived using simple beam 


theory is not more than 75% of the yield stress. 


35 Having done this check immediately below the load, it is necessary to repeat the 
calculation at a number of points further away from the load until it is clear that the safety margins 
are increasing. The load should be assumed to diffuse outwards over a triangular area 40° either 
side of the vertical. All the structure may be taken to be effective for direct stresses. but an 
effective plating breadth of 25t should be used for bending stresses. The same checks as in 
paragraph 34 are to be completed aiming for the same criteria. It may be that a smaller stiffener is 
acceptable further away from the loading point, in which case it is permissible to taper the 
scantlings down if so wished, using the rule given in paragraph 51d. 





36 It is next necessary to undertake a check on buckling, and to this end the critical buckling 
stress (6,) of the stiffener plate combination must be found from data sheet 18.10 assuming 
average imperfections. The column slenderness ratio 2 is found using the whole unsupported 
span of stiffener (if the span is too great, for example if the bulkhead is between two machinery 
spaces, then it will be necessary to insert a deep horizontal stiffening member, with a bendins 
stiffness at least 5 times that of the vertical stiffener), and the plate slenderness ratio [3 should us¢ 
the full stiffener spacing b. The value of 6. derived must then satisfy the criterion 


(9.4) 0/5. + 0,,,/0, < 0.75 
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oe » are mithe direct and bending applied compressive stresses derived in paragraph 
Me for t! he eff ective breadth of 25t, and 6, is the yield stress. The value of 0.75, here and in 
" 34 4, i ‘ im ade up of partial safety Pantone as described in BS5400 Part 3. 
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yn " chek that needs to be made on the plating is for local buckling and here it is 
tte ey er re oat the elastic buckling criterion for an infinite plate is satisfied, that is 


x: FA, + 2bt) < 3.62 E (t/b)? 


a 


a 


sthe Egolied force, A, is the stiffener area and b and t are the stiffener spacing and plate 

espe ctively. The factor 2bt is used on the left side of the equation as the worst case 

ny a has diffused out of one stiffener either side of the stiffener under the load. 

by Ee | 

A remain ing check needs to be carried out to ensure that the other stiffeners on the 

khe are § sufficiently large to withstand shear buckling. The check is done in the same way as 

yr the st si’ 5 $ ide i in Chapter 7 (equation 7.13) but the stress should be taken as the average over a 

ical s ect 1 ction through the plate between horizontal supporting structure (the same span a as 
rthe c calculation of A in paragraph 36), that is the stress is F/2at, where the factor of 21 in the 


es 

t cla a 5 7 
: etailing the bulkhead connections it is important to note that any bending moments 
V eine > calculation in paragraph 34 will also be applied to the attached deck structure. 
entl y, the deck stiffeners must also be sized locally to take the bending moment (it may at 
+S - be possible to reduce the bulkhead scantlings, but it must not be forgotten that the 
Ikhea ai taking all the direct load) and bracketed connections may be appropriate. 


1 
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yh: 
asf) ra 
a o: H 
inder Superstructure 
The - on i y other in-plane loads which may govern the scantlings of a bulkhead are those 
ader the ends s of | a superstructure, or indeed those on any bulkhead under a superstructure. An 
ut m neans 0 ®) f conservatively estimating these forces is given in Chapter 8, paragraphs 45 and 
, altho igh : he only accurate means will be by finite element analysis, also discussed in Chapter 
Ince the. loads are known (or estimated) the strength of the bulkhead may be checked as if it 
dec C n compression, as described in paragraph 28 and Chapter 7. However, particular care 
© be taken when the superstructure is inset from the ship’s side as high stresses will be 
ed at tthe ¢ end corners and in the bulkheads below. It will usually be necessary to fit thick 
ts into the et bulkhead plating in these areas but guidance on the thickness and extend can only 


un dfrom a : ag of previous successful designs, followed by analysis using finite elements 
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3 ‘ a tre nsverse bulkhead i in the hull, directly below a block of superstructure, and which 
ee 1ec od up into the superstructure (bad practice anyway), the forces on the bulkhead will 
tin ara od ‘d at two points and will have to be treated as concentrated loads, with large vertical 


= f eners, as discussed in paragraphs 32 et seq. 
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distribution of edge loads on a bulkhead Clearly depend on the arrangement of hull structure 
between bulkheads, and to reduce these edge loads the following points should be noted: 


a. The sizes of longitudinal members passing through, or ending on, bulkheads should 
be as small as possible, consistent with their having adequate strength and stiffness for 
their other functions. In machinery spaces consideration should be given to support- 
ing machinery On transverse bearers. Where deep continuous longitudinal bearers are 
indispensable, or in way of the vertical keel, special attention must be paid to the 


design of the bulkhead in way of these members, in particular as described in 
paragraph 5lc. below. 


b. As far as possible hull longitudinals should be of uniform size, and alternate large and 
small sizes should be especially avoided, since they give rise to high shear forces in 
the bulkhead and so can cause early rupture of the bulkhead plating. 


c. Transverse framing should be designed to avoid any features which weaken the 
resistance of the frames to explosive attack. For example, at the turn of bilge or near 
the keel where high shear stresses may occur, the presence of lightening or access 
holes greatly reduces the shear strength of the frame webs, and such holes should only 
be cut if they are essential at that point. Similarly, near the turn of bilge many cases 
occurred during target trials where early buckling of a frame led to its complete 
collapse, and so special attention needs to be paid to the stability of frame webs in this 
area. 


Internal Blast 

47 There is currently little information available on the design of bulkheads to withstand 
internal blast effects. Generally a bulkhead will fail under blast loading by rupturing at a stress 
concentration or weld, and so attention to good detail is essential. 


48 Double skin bulkheads, either constructed in situ by welding plating to the flanges of the 
stiffeners of the main bulkhead structure or, more efficiently, by buying in commercially available 
sandwich materials, are likely to show considerable improvements in blast resistance. The double 
skin structure, as well as providing a second surface to contain the blast, has much more evenly 
distributed stiffness and rupture is, therefore, less likely. However, particular attention must then 
be paid to the peripheral welded connections, and it may be desirable to fit special rolled sections 
with a flange in the hull and with webs supporting the bulkhead, if the full blast resistance is to be 
obtained. 


Bulkhead Plating 

49 Plate thicknesses over the main part of the bulkhead should be determined to ensure 
adequate strength under normal or accidental loads as described earlier in this chapter. However, 
at the edges of the bulkhead where it meets the bottom and side of the ship, the bulkhead plating 
should be thickened to give increased strength and stability under explosive loading, The depth of 
this thickened strip (measured normal to the hull plating) should be not less than 1.5 times the 
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important because, unless every longitudinal is ‘backed up’ by a bulkhead stiffener, 
the bulkhead plating may easily rupture under explosive attack. Bulkhead stiffeners in 
the peripheral zone should lie as nearly as possible at right angles to the hull plating. 


b. Below the turn of bilge the requirements of (a) can generally be met by the normal 
system of bulkhead stiffening. At and above the turn of bilge, short stiffeners lying 
normal to the hull plating should be fitted at every longitudinal stiffener. These short 
stiffeners should extend at least to the inner edge of the thick plating described above 
(paragraph 49) and should end on a main bulkhead stiffener. A typical arrangement 1s 
shown in Figure 9.1, where it should be noted that all longitudinals above, as well as 
below, the waterline have supporting bulkhead stiffeners to withstand nuclear air blast 
as well as underwater attack. 


c. To match each bulkhead stiffener to its adjacent longitudinal, the cross sectional area 
of the bulkhead stiffener at its outer end should desirably be not less than 60% of the 
cross sectional area of the web of the longitudinal. In way of deep longitudinals this 
may require a fairly heavy stiffener, in which case the area may be achieved by adding 
a short stiffener on the other side of the bulkhead, provided that the inboard end is 
snaped off at a slope not steeper than 1:4. 


d. Where the above rules require a bulkhead stiffener to have greater scantlings at its 
outer end than are required for strength under lateral pressure, the sectional area may 
be tapered in accordance with the following formula: 


(9.6) A. = 0.6 A, — 2tx/3 


where A, is the sectional area of the stiffener at distance x from its outer end and will 
not, in general, be less than the normal bulkhead stiffener cross sectional area; 


A, is the web area of the adjacent longitudinal; 


and t _ is the bulkhead plating thickness at x. 


e. The function of the bulkhead in withstanding water pressure must not be forgotten 
when deciding the arrangement of stiffeners. The requirements of (a) to (d) above 
usually lead to diagonal stiffeners in way of the lower part of the turn of bilge as 
shown in Figure 9.1. Each end of this diagonal should terminate on a stiffener which 
runs straight between a longitudinal and lowest deck. These two stiffeners at the end 
of the diagonal must have sufficient bending strength to resist the forces transmitted to 
them by the diagonal stiffener as well as the forces associated with lateral pressure 


applied to the plating. 


Structural Details 
52 Bulkheads should be all-welded and intermittent welding should be avoided. All stiffeners 


should be of symmetrical section because any eccentricity is an addition and avoidable source of 
weakness. 
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